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ABSTRACT 



As the mid-IR luminosity represents a good isotropic proxy of the AGN power, a low X-ray to mid-IR luminosity ratio 
is often claimed to be a reliable indicator for selecting Compton-thick AGN. We assess the efficiency of the X-ray to 
mid-IR luminosity ratio diagnostic by examining the 12 /im IRAS AGN sample (intrinsic L2_iokeV > 10''^ergs~^ ) 
for which high signal-to-noise XMM-Newton observations have been recently become available. We find that the vast 
majority (ten out of eleven) of the AGN that have been classified as Compton-thick on the basis the X-ray spectroscopy 
by Brightman & Nandra present a low Lx/Lg^m luminosity ratio, i.e. lower than a few percent of the average AGN 
ratio which is typical of reflection-dominated Compton-thick sources. We note that at low Lx/Lg^m ratios we also 
find a comparable number of AGN, most of which are heavily absorbed but not Compton-thick. This implies that 
although most Compton-thick AGN present low Lx/Le^m ratios, at least in the local. Universe, the opposite is not 
necessarily true. Next, we extend our analysis to higher redshifts. We perform the same analysis in the Chandra Deep 
Field South where excellent quality Chandra (4 Ms) and XMM-Newton (3 Ms) X-ray spectra are available. We derive 
accurate X-ray luminosities for Chandra sources using X-ray spectral fits, as well as 6/im luminosities from spectral 
energy distribution fits. We find eight AGN (intrinsic L2_iokoV > lO^^ergs"^ ) with low Lx/Lg^m ratios in total, 
after excluding one source where the 6 fim emission primarily comes from star-formation. One of these sources has been 
already demonstrated to host a Compton-thick nucleus, while for another one at a redshift of « = 1.22 we argue it is 
most likely Compton-thick on the basis of its combined Chandra and XMM-Newton spectrum. In agreement with the 
low redshift sample, we find a large number of non Compton-thick 'contaminants' with low X-ray to mid-IR luminosity 
ratios. The above suggest that a low Lx/Lg^m ratio alone cannot ascertain the presence of a Compton-thick AGN, 
albeit the majority of low Lx/Lg^jm AGN are heavily obscured. More interestingly, the two most reliable Compton- 
thick AGN in the high redshift Universe have high Lx/Lg/jm ratios, showing that this method cannot provide complete 
Compton-thick AGN samples. 
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1. Introduction 

The deep X-ray Universe has been probed at unparal- 
leled depth thanks to the Chandra mission. The deep- 
est Chandra X-ray s urveys revealed an AGN sky density 



lOkeV) X-ray surveys have provided so far the most pow- 
erful method for the detection of AGN and thus have pro- 
vided the most d etailed picture of the accretion history of 
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Xue et al.l |2011|), probing flux limit of h 



Aird et al. 2010 1 



the Universe (e.g. Ueda et al. 2003 LaFranca et al. 2005 



erg cm "^ M^for a review see Brandt & Hasinger 



-tOkfV 



|2005|. In contrast, the optical surveys for QSOs reach sky 



However, even the efficient hard X-ray surveys may be 
missing a substantial fraction of the most heavily obscured 
sources, the Compton-thick AGN, which have column den- 
densities of about few hundred per square degree a t a mag- sities > lO^'^ cm~^. At these high column densities, the at- 
tenuation of X-rays is mainly due to Compton-scattcring 
rather than photoelectric absorption. Although there are 
only a few dozen o f Compton-thick AGN identified in the 
local Universe, (see Comastri 2004 , for a review) , there is 
concrete evidence for the presence of a much higher num- 
ber. The peak of the X-ray background at 20-30 keV (e.g. 



nitude hmit oi B = 22mag (e.g. Wolf et al. 2003). Optical 



spectroscopic methods, which detect AG N using the jOIII 



(A5007A) or the [NeV] lines (A3427A) (Hao et al. 



Bongiorno et al. 2010 Gilli et al. 20101), manage to recover 



a large fraction of low-luminosity AGN ( [Georgantopoulos 



0|, 



2005 



& Akylas 2010) but these are applicable only at a lim- 
ited redshift range, because these lines are redshifted out- 
side the optical band at high redshifts. Therefore, hard (2- 
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Frontera et al.[|2007]|Churazov et al.[[2007||Moretti et al.. 
2009) can be reproduced by invoking a significant number 
of Compton-thick sources at moderate redshifts. However, 
the exact density of Compton-thick sources required by X- 
ray background synthesis models still remains an open is- 
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Trei ster, Urry fe Virani 2009). Additional evidence for the 
presence of a numerous Compton-thick population conies 
from the directly meas ured space de nsity of black holes in 
the local Universe (see Soltan 1982). It is found that this 
space density is a factor of 1.5-2 high er than that predicted 
from the X-ray luminos ity function ( |I\ 
Merloni & Heinz 2008), although tne exact 



(^Marconi et al 



2004 
number de- 
pends on the assumed efficiency in the conversion of gravi- 
tational energy to radiation. 

The INTEGRAL and 5" H^/FT missions explored the X- 
ray sky at energies above 10 keV with the aim to provide the 
most unbiased samples of Compton-thick AGN in the local 
Universe. Owing to the limited imaging capabilities of these 
missions (coded-mask detectors), the flux limit probed is 
very high (~ 10"^"'^ ergcm"^ s~^ ), allowing only the detec- 
tion of AGN at very low redshifts. These surveys did not 



dete ct large numbers of Compton-thick sources (e.g . Ajello 
etal . , 2008 ; Tueller et al.]|2008l|PaItani et al.[ [20081 IWinter 



et al.n2009||Burlon et al.[]20TT| . The fraction of Compton 
thick AGN in these surveys does not exceed a few percent of 
the total AGN population. In contrast, optical and mid-IR 
surveys yield Compton -thick AGN fractions which range 
between 10 and 20% ( Akylas k, Georgantopoulos! |2009 



Brightman fc Nandra[ |20lip . As |Burlonet al.| ( |2011[ ) point 
out, it is possible that even these ultra-hard surveys are bi- 
ased against the most heavily obscured (> 2 x lO^^cm"^ ) 
Compton-thick sources. 

At higher redshifts, a number of efforts have been made 
to identify Com pton-thick AGN by means of either X-ray 



hardness ratios (Brunner et al. 2008 Gilli et al. 2011) 



et al.[ [2009] |Comastri et al.[ |2011 



or X-ray spectroscopy d'l'ozzi et al.[" 2006f Georgantopoulos 



Ferugiio et al.[ |201ip 



in the deepesF Chandra and XMM-Newton observations 



In particular, Comastri et al. 



(2011), provided the most 



direct X-ray spectroscopic evidence yet for the presence of 
Compton-thick nuclei at high redshift, reliably identifying 
two Compton-thick AGN at z=1.536 and z=3.700. 

The mid-IR wavelengths have attracted much atten- 
tion for providing an alternative way to detect heavily 
obscured systems. This is because the absorbed radia- 
tion by circumnu clear dust is re-emitted i n the IR part 
of the spectrum ( Soifer, Helou fc Werner[ 2008), render- 
ing heavily obscured AGJN copious mid-IR emitters. In 
such systems, the 2-10 keV X-ray emission can b e dimin- 
ishe d by almost two orders of magnitude 



(e.g. 



Matt et 



al. 20041, while at the same time the isotropic mid-IR 



emission remains l argely unattenuated. Daddi ct al.'(2007); 
(|2008D;|Georgantopoulos et al (.2008 J;. Treister. 



Fiore et al. 



(^ 



et ai.| ( |2009bp ; [Eckart et ai.| ( |2010p ; |Doniey etal 

propose that a fraction of infrared excess, 24 /xm- bright 
sources which are undetected in X-rays are associated with 
Compton-thick AGN. Their main argument is based again 
on the fact that the X-ray to IR luminosity ratio is very 
lo w suggestive of significant amounts of absorption (bu t 



see[Georgakakis et al. 2010 Georgantopoulos et al. 20111 
The detection of a low Lx/LeMm luminosity ratio has 
recently been used as the main instrument for the detection 
of faint Co mpton-thick AGN which remain undetected in 
X-rays (e.g. [Alexander et al.| |2008[ [Goulding et al] |2011 1. 
This is because the 6 /im luminosity is an excellent proxy 
of the AGN power, as it should be domi nated by very hot 



dust which is heated by the AGN (e.g. Lutz et al. 2004 



Maiolino et al. 2007 ) . At these wavelengths the contribu 



tion by the stellar-light a nd colder dust heat e d by young 
stars should be minimal. Yaqoob fc Murphy (2011) criti- 



cise the above results claiming that the Lx/Lg^im ratio is 
not a robust indicator of Compton-thick obscuration. They 
perform Monte-Carlo X-ray spectral simulations of heav- 
ily obscured AGN. They caution that Compton-thick AGN 
may have the same X-ray to mid-IR luminosity ratio with 
heavily obscured AGN which have a column density of a 
few times 10^'^ cm~^ , depending on the exact value of the 
covering fraction and photon index. 

In this paper, we attempt to assess the efficiency of the 
Lx/Le/^m ratio method, i.e. to estimate the percentage of 
Compton-thick AGN among low Lx/Le/^m sources, but 
also to evaluate whether there are any bona-fide Compton- 
thick AGN with substantially high Lx/Le/im ratios. First, 
we are using local AGN, t he IRAS 12 /xm sample of [Rush, | 
Malkan fc Spinoglio (1993), to assess the reliability and ef- 
fectiveness of the Lx/LeMm ratio selection. For this sample 
there are excellent quality X-ray spectro scopic observations 
available (Brightman fc Nandra 2011), and therefore we 
know a priori which objects are Compton-thick. Second, we 
are selecting candidate Compton-thick AGN among the low 
Lx/Le^^m AGN in the CDFS. We are presenting a detailed 
X-ray spectral analysis of these sources, using the most sen- 
sitive X-ray data ever obtained, the 4 Ms Chandra data, 
combined with the 3 Ms XMM-Newton data. Our aim is to 
detect unambiguous signs of Compton-thick obscuration, 
such as direct detection of a large column density, or a flat 
spectral index, or a high equivalent-width FeKa line. We 
adopt Ho = 75kms-iMpc"\ ilu = 0.3 and r^A = 0.7 
throughout the paper. 



2. Data 

2.1. The IRAS i2/im sample 
2.1.1. XMM data 



The extended IRAS 12 /im galaxy survey ( Rush et al. 1993 ) 
is a sample of 893 MIR selected local galaxies, which con- 
tains a high fraction of AGN (over 10% according to op- 
tical spectroscopy). The sample is taken from the IRAS 
Faint Source Catalogue, version 2 (FSC-2) and imposes a 
flux limit of 0.22 Jy, including only sources with a rising 
flux density from 12 to 60 microns (in order to minimise 
the contamination by stars) and with a Galactic latitude of 
\b\ > 25°. There are XMM-Newton observations available 
for 126 galaxies from the 12 /im sample. 



2.1.2. Mid-IR data 

For the local sources, we used photometry from the NASA 
Extragalactic Database (NED). T he most commonly used 
datasets are the 2MASS survey ( Skrutskie et al.[ 
for the near-IR, and IRAS, ISO, and Spitzer cat a. 



2006) 



iogues 

for the near-IR mid-IR and far-IR. We used only broad- 
band photometry datapoints, and avoided measurements 
made with apertures smaller than the apparent sizes of the 
sources. The number of data-points used range from seven 
(IRAS07599-)-6508) up to 33 (Mrk231). 



I. Georgantopoulos et al.: X-ray to 6^m luminosity ratio 



2.2. CDFS 

2.2.1. Chandra 

The CDFS 4 Ms observations consist of 53 pointings ob- 
tained in the years 2000 (IMs), 2007 (IMs) and 2010 
2 Ms). The analysis o f the first 1 Ms data is prese nted in 



Giacconi et al. ( 2002 1 and Alexander et al.| ( 2003 ) , while 
the analysis of the 23 observations obtained up to 2007 is 



(2011 ). These authors provided X-ray spectral fits with par- 
ticular emphasis on revealing the Compton-thick sources. 
There are 60 high X-ray luminosity sources (i.e. with intrin- 
sic Lx > 10^^ ergs~^ ) among the 126 sources, with XMM- 
Newto n observations presented in |Brightman fc: Nandra| 
(2011 ). These 60 sources are classified as bona-fide AGN on 
the basis of the high X-ray luminosity alone. The X-ray lu- 
minosity classification is based on the fact that the most X- 



presented in ILuo et al.l ([20081). 462 X-ray sources have been ray luminous star fo r ming galaxies (e.g. NGC 3256; |Moran 



detected in the 2 Ms data by |Luo et al.| ( |2008[ ). The average 
aim point is a = 03''32'"28^8, d = -27^'23" (J2000) 
The observations cover an area of about 440 arcmin^ . The 
present CDFS 4 Ms survey reaches a sensitivity limit of 
^ 0.7 X lO^^^ergcm^^s"^ and 1 x lO^^^ergcm^-^ s^^ in 
the hard (2 - 8 keV ) and soft (0.5-2 keV) band respectively 
(Xue et al. 2011). The Gala ctic column density towar ds 



the CDFS is 0.9 x lO^^cm-^ (Dickey & Lockman 1990). 



2.2.2. XMM-Newton 

The CDFS area was surveyed with XMM-Newton in several 
different epochs spread over almost nine years. The data 
presented in this paper are obtained combining the obser- 
vations awa rded to our project in A07 and A08 (Comastri 



et al.[ [2011 1 . These observations are performed in four dif 
ferent epochs between July 2008 and March 2010, while 
the archival data were obtained in the period July 2001 - 
January 2002. The total exposure, after cleaning from back- 
ground flares, is «2.82Ms for the two MOS and «2.45Ms 
for the PN detectors. An extended and detailed description 
of the full data set including data analysis and reduction 
and the X-ray catalogue will be published in Ranalli et al. 
(in preparation). 

2.2.3. Mid-IR 

The central regions of the CDFS have been observed in 
the mid-IR by the Spitzer mission as part of the Great 
Observatory Origin Deep Survey (GOODS). These obser- 
vations cover areas of about 10 x 16.5 arcmin^ in both fields 
using the IRAC (3.6, 4.5, 5.8 and 8.0 ^im) and the MIPS (24 
and 70 /im) instruments on board Spitzer. We construct a 
uniform dataset of infrared fluxes by matching the 2 Ms X- 



ray catalogue of'Luo et al. ([2008 ) with the IRA C catalogue 
from the SIMPLE survey (IDamen et al. [2011 ), which cov- 
ers the total area of the CDFS. We find counterparts for 
446 out of the 462 sources. We also use the FIDEL survey of 



the CDFS (see |Magnelli et al. [2009 ) to get photometric in- 
formation on longer wavelengths (24 /im and 70 /im). There 
are 161 sources with mid-IR data in the four IRAC bands, 
210 sources with five bands (IRAC -1- MIPS 24 /im ) and 
finally 69 sources with mid-IR data in six bands (IRAC-I- 
MIPS, 24 /im and 70 /im ). For the remaining six sources 
we have only information in less than four IRAC bands. For 
these sources we do not derive spectral energy distribution 
(SED) fits. 



3. Analysis 

3.1. 12 lira sample 

For the local sample we are using the XMM-Newton spec- 
troscopic information presented in [Brightman fc Nandra| 



Lehnert fc Helfand 1999), present a 2-10 keV luminosity 
below 10'*"'ergs~^ , without showing evidence for AGN ac- 
tivity. Among these 60 sources, there are ten AGN which 
show X-ray spec tral evidence for Compton-t hick obscura- 
tion according to Brightman fc Nandra (2011 ). That is they 
present in their X-ray spectra either a) high equivalent- 
width (EW) FeKa lines, or b) flat spectral indices indica- 
tive of a reflection component, or c) direct detections of an 
absorption turn-over with Nh > 10^"* cm~^ . 

To construct the Lx/Lgp,„ diagram, we obtain the X- 
ray luminosities (uncorrected for absorption) for the AGN 
in t he 12/^m sample using t he XMM-Newton fluxes from 
Bri ghtman fc Nandra[ ( 2011| ). The 6um IR flux has been 
estimated using SED fits (see Sect.|3.3|). 



3.2. CDFS 

3.2.1. Chandra spectra 

For the CDF S sample we der ive X-ray spectra for the 
sourc es in the [Luo et al . (2008) catalogue using the 4 Ms 
data ( |Xueet al.[|201ip . 



We used the SPECEXTRACT script in the CIAO 
v4.2 software package to extract the spectra of all 462 X- 
ray sources in our sample. The extraction radius varies be- 
tween 2 and 4 arcsec with increasing off-axis angle. At low 
off- axis angles (<4arcmin) this area encircles 90% of the 
light at an energy of 1.5 keV. The same script extracts re- 
sponse and auxiliary files. The addition of the spectral files 
was performed with the FTOOL task MATHPHA. For 
the addition of the response and auxiliary files we used the 
FTOOL ADDRMF, and ADDARF respectively, weight- 
ing according to the number of photons in each spectrum. 

We fit the spectra us ing an absorbed power-law model 
PLCABS (Yaqoob 1997) which properly takes into account 
Compton-scattering up to column densities of Nh ~ 10^^ 
cm~^ . We u sed the XSPEC vl2.5 software package for the 



spectr al fits ( Arnaud 1996). We used the C-statistic tech- 
nique (iCash 1979D specifically developed to extract spec- 
tral information from data with a low signal-to-noise ratio. 
We derive accurate X-ray luminosities from the X-ray spec- 
tral fits. This is the most reliable method for deriving X-ray 
luminosities. Instead, the derivation of the X-ray luminosity 
through the X-ray count rate and an average photon-index 
can distort substantially the Lx/Lg^jm relation. 

3.2.2. XMM-Newton spectra 

For each individual XMM-Newton orbit, source counts were 
collected from a circular region of 12 arcsec radius, cen- 
tered on the source position. Local background data were 
taken from nearby regions, separately for the PN, MOSl 
and M0S2 detectors where no source is found in the full 
exposure image. The area of the background region had 20 
arcsec radius. The spectral data from individual exposures 



I. Georgantopoulos et al.: X-ray to 6^m luminosity ratio 



were summed up for the source and background, respec- 
tively, and the background subtraction was made assuming 
the common scaling factor for the source/background ge- 
ometrical areas. Both PN and MOS spectra are extracted 
in the 0.5-8 keV energy area. MOSl and M0S2 spectra are 
summed using the FTOOLS MATHPHA task. Response 
and effective area files were computed by averaging the in- 
dividual files using the FTOOLS ADDRMF and ADDARF 
tasks. 



3.3. Spectral energy distributions 

We constructed SED to obtain an idea on the dominant 
powering mechanism (AGN or star-formation) in the mid- 
IR part of the spectrum. The SEDs are also used in order to 
obtain an accurate estimate of the 6/im infrared luminosi- 
ties. We used a x^ minimisation technique to fit the opti- 
mum combinations of host galaxy and pure AGN SED tem- 
plates to the broad-band spectra of our objects. The star- 
burst templates we use, a r e thos e from the SWIRE template 

(2007), which is a compilation of 



library of PoUctta et al. 
observed SED of nearby galiraes (M82, NGC6090, Arp220, 
I RAS20547, IRAS22491). In addition, we use the templates 
of |Chary fc Elbaz ( 20 0i|. The AGN ten iplates we use come 
from "Si'iva, Maiolino & Granato ( 2004 ) , who combine nu- 
clear SEDs of Scyfcrts with a range of absorption columns. 
We also construct a s ample of AGN templa tes using the 
" ' ' ' 2006|) and applying 

ertoldi fc Drapatz| 



Richards et al. 



type-1 QSO SED from 

dust absorption following IRosenthal^ 



(2000), in order to account for the 9.7 /im absorption fea- 
ture. In Fig. [T] we show an example SED of Compton-thick 
sources in both the high and low-redshift Universe. 



4. Results 

4.1. The IRAS i2^m sample 

We present the Lx/Lg^,„ diagram for the nearby sources 
in Fig. [2J The X-ray luminosity is uncorrected for obscu- 
ration while the 6/im luminosity includes both the torus 
and the star- format ion component (see discussion). The 
lines denote various Compton-thick AGN areas. These have 
been derived in the following fashion. We adopt the aver- 
age Lx/Lgm n luminosity dependent AGN relation of Fiore 
etail ( |2009[ ) derived in the COSMOS field. We then scale 
down this relation by a factor of 30. This is an approxi- 
mation to the average reflected luminosity relative to the 
intrinsic emission from the backside of the torus in the 2- 



lOkeV band in reflection-dominated AGN (e.g. Comastri 
2004). Alternatively, 3% is the relation between the ab 



sorbed and unabsorbed 2-10 keV luminosity for a column 
density of 1.5 x lO^^'^cm"^ and a power-law spectrum of 
r = 1. 8. We show an alter native scenario, where the rela- 
tion of Fiore et al. ( 2009 ) is scaled for only 1% reflected 
emission ( Vignali et al.[ 2004t . We a lso give the Lx/Lg^m 
relation derived by Lutz et al. (2004) in the local Universe, 
together with its associated la uncertainty scaled down 
again by 3% (dashed are a ). Th roughout the paper, we 
use only the [Fiore et al. (2009) 3% reflection hmit for 
assessing the number of Compton-thick sources. We see 
that most (ten out of eleven) of the sources classifled as 
Compton-thick on the basis of X-ray spectroscopy lie be- 
low the Compton-thick lines. However, we see that many 
more sources (twelve) which are not Compton-thick, ac- 



cording to the XMM-Newton X-ray spectroscopic diagnos- 
tics, would be classifled as candidate Compton-thick AGN 
on the basis of the low Lx/Lg^^m ratio. All these are pre- 
sented in Table [l] It is not unlikely that some of the low 
Lx/Le^im sources are indeed Compton-thick sources, but 
XMM-Newton failed to identify them owing to th e limited 
photon stat i stics. At least two o f them NGC424, (Twasawa] 



et al. 2001 



Braito et al. 
SWIFT and 



4.2. CDFS 



Burlon et al [20TT| ) and UGC8058 (Mrk23 
( 2004 ), are Compton-thick AGN according to 



. wa| 



BeppoSAX spectroscopy. 



We exclude all sources with an intrinsic X-ray luminosity 
of Lx < 10'*^ ergs~^ , as many of these could be associated 
with normal galaxies. 283 sources have luminosities above 
this level. The Lx/Lg/^m diagram is shown in Fig.ls] There 
are nine sources which would be characterised as Compton- 
thick on the basis of the low Lx/Lg^m ratio (see Table 
[2]). In Table [2] we present the Ch andra spectral fit results. 
Throughout the paper, we use the Luo et al. ( 2008|) identifi- 
cation numbers. Four low-Lx/Lg^m sources could be clas- 
sified as Compton-thick: CDFS-309, CDFS-95, CDFS-197, 
and CDFS-398. CDFS-309 has been discussed in detail in 



Feruglio et al. (2011 ) and was found to present a Compton- 
thick source on the basis of an FeKa line with a high EW. 
Due to the limited photon-statistics we cannot tell whether 
the source is flat F « 0.6 or obscured with Nh ^ 3 x 10^'^ 
cm~^ . However, the addition of an FeKa line improves 
the statistic by AC « 20 yielding an EW of 3.6±1.8 keV. 
CDFS-95 and CDFS-197 have column densities somewhat 
below the Compton-thick limit (~ 9 x 10^'^ cm^^ ), but are 
nevertheless consistent with being Compton-thick within 
the errors. However, for both sources there are only photo- 
metric redshifts available and therefore the column density 
estimates are uncertain. 

Only two low-Lx/Lg^m sources have fluxes f2-iokeV > 



10 



-1 ^ —9 —1 

erg cm s 



These sources have been also detected 
by XMM-Newton , allowing a spectral flt with both the 
photon-index and the column density considered as free 
parameters. These are CDFS-9 and CDFS-398. In Table |3] 
we present the spectral fit results for these two sources. The 
spectrum of CDFS-9 is highly absorbed with a column den- 
sity of ~ 10^"^ cm^^ , but certainly it is not a Compton-thick 
source. From Table l3] we see that the Chandra spectrum of 
CDFS-398 is fiat (F w 0.8 ± 0.3). Since the source is de- 
tected by XMM-Newton , there are good photon statistics 
available allowing a more complex fit to the spectrum. We 
consider two spectral models to fit its X-ray spectrum. (1) 
an absorbed power-law spectrum with the addition of an 
FeKa line, (plcabs-|-zga) , and (2) a reflection dominated 
model with an FeKa line, pexrav-|-zga. The spectral fits to 
the combined Chandra and XMM-Newton data are given in 
table [3J This source displays a very fiat spectrum F < 1.2 
at the 90% confidence level. This fiat spectrum is char- 
acteristic of reflection-dominated Compton-thick sources 



(Matt et al. 2004). The rest-frame EW of the FeKa line 



is 0.68^044 ke V, which is again cons istent with Compton- 



thick emission (Fukazawa et al. 2011 ). The X-ray spectrum 
is presented in I'ig. |4| 

For clarity, we summarise the numbers of Lx/Lg^,„ 
sources in the various subsamples given in his section in 
Tables 
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Fig. 1. Left panel: the SED of the Compton-thick sot irces NGC7479 and ES O148-IG002 from the 12/xm sample. Right 
panel: the SED of the two Compton -thick sources i n Comastri et al. (20111 in comparison with that of the candidate 
Compton-thick source CDFS-309 in Feruglio et al. ( 201ip . The SEP have been normalised to have the same flux at 
0.5/L(m. 



Table 1. Candidate Compton-thick sources in the local sample according to the Lx/Lg^„i ratio 



Name 
(1) 



z 
(2) 



Lx 

(3) 



-^6 fim 

(4) 



fraction 

(5) 



CT 
(6) 



Nh 
(7) 



EW 
(8) 



NGC17 


0.0196 


41.29 


43.82 





- 


471^^1 


0.440 


NGC 424 


0.0118 


41.60 


43.93 


1 


- 


23.6l:tti 


<0.024 


NGC 1068 


0.0380 


41.11 


44.14 


0.74 


b 




- 


NGC 1194 


0.0136 


41.53 


43.58 


0.91 


- 


67.8+l«i 


<0.059 


NGC 1320 


0.0890 


40.83 


43.41 


0.83 


a 


2041^1 


0.082 


NGC 1667 


0.0152 


40.62 


43.69 





a 


071 +5730 


0.391 


F 07599-1-6508 


0.1488 


41.90 


45.79 


0.96 


- 




0.027 


UGC5101 


0.0394 


41.70 


44.10 





- 


49.6tg:^ 


0.229 


Mrk231 


0.0422 


42.28 


45.23 


0.95 


- 


7 1+1.8 
'•J^-1.4 


0.011 


NGC 4968 


0.0099 


40.66 


43.44 


0.92 


a 


sootllf 


0.172 


NGC 5256 


0.0279 


41.62 


44.07 





- 


n.5tli 


0.608 


Mrk273 


0.0378 


41.98 


44.20 





- 


59.7+^3" 


0.192 


Mrk463 


0.0504 


42.46 


45.03 


0.98 


- 


38.7+^7 


<0.008 


Mrk848 


0.0402 


41.54 


44.51 


0.79 


- 


85.91^°:*° 


- 


t2MASXJ15504152 


0.0303 


41.87 


43.79 


0.48 


c 


OMtlfs 


- 


NGC 6552 


0.0265 


41.79 


44.55 


0.95 


b 




- 


F 19254-7245 


0.0617 


42.23 


44.60 


0.88 


- 


38.1+^^7 


0.064 


NGC 6890 


0.0081 


40.52 


43.13 


0.24 


c 


n 11 +0-20 
u.ii_o.og 


0.237 


NGC 7479 


0.0079 


40.57 


43.92 


0.70 


a 


201+til 


- 


NGC 7582 


0.0053 


41.05 


43.44 





c 


0.04 


- 


NGC 7674 


0.0289 


41.95 


44.32 


0.58 


c 


- 


0.132 


ESO 286-IG019 


0.0430 


41.56 


44.19 


0.85 


- 


_AQ 7+258 
4»-'-35.2 


- 


ESO 148-IG002 


0.0446 


41.78 


44.07 





c 




- 



The columns are: (1) Name; (2) Spectroscopic redshift; (3) Logarithm of luminosity in the 2-10 keV band uncorrected for 
absorption in units of ergs~^ ; (4) Logarithm of 6/xm lumin osity in units of ergs~ ^ ; (5) Fraction of the AGN contribution to 
the 6/xm luminosity; (6) Compton-thick classification from Brightman & Nandra (20111 based on: a: direct measurement of 



the column density; b: large EW of FeKa line; c: large reflection component; (7) Nh column density in units o f 10 cm from 
[Brightman & Nandra (2011 
the low-Lx/Lc/jm sample. 



(8) Equivalent-width of the 6.2^m PAH in units of fim from Wu et al. (20091; f: Source not in 



I. Georgantopoulos et al.: X-ray to 6^m luminosity ratio 
Table 2. Chandra spectral fits and 6/ini luminosities of the low Lx/Lg^^m sources in the CDFS 



ID z Nh r C-stat £2-10 Lx 

(1) (2) (3) (4) (5) (6) (7) 



83.4l*'^ 
126+?S 



26.8lf,- 

o 9+8.0 
■^■^-3.0 

<3.9 



3+0.73 

-0.84 



-'(} /.ill! 

(8) 



fraction 

(9) 



H 



N 
(10) 



8.7^ 

86lfo 
<1.2 

16.21?,^ 

30j-' 



C-stat 
(11) 



(12) 



0.88-^^ 

0.94l°o:3^ 
"•"^^-o.es 

^•^°-0.96 

1 nq+o-'^s 

J^-^^-0.53 

-1+0.57 
-0.57 



C-stat counts 
(13) (14) 



95 
197 
282 
293 
309 
382 
398 
407 



1.615 
5.73t 
3.64t 
2.223 
3.10 
2.579 
0.664 
1.222 
1.367 



2.53^ 



2.27^ 



7+0.80 
-0.65 

2.02l°;f 

J^-^D-0.73 



438 


1.5 


505 


1.0 


474 


0.46 


- 


0.14 


- 


0.15 


- 


0.35 


487 


0.63 


483 


1.50 


464 


0.13 



1.8 
2.7 
0.59 
0.38 
0.65 
1.5 
0.1 
0.54 
0.12 



11.77 
12.96 
11.74 
11.95 
11.75 
11.61 
10.75 
11.77 
10.83 



0.92 
1.0 
0.97 
0.87 
0.96 
0.81 
0.1 
0.88 
0.35 



1-24 

-14 

+0.77 



1-4-0.66 

<3.5 



439 
505 
437 

477 
452 
497 
488 
470 
464 



0.60"* 

-■-•^"-0.44 

+0.30 

0.32 

+ 1.26 

-0.72 



0.81 
1 



456 


130 


508 


137 


472 


37 


472 


24 


455.5 


22 


498 


52 


497 


179 


465 


94 


464 


48 



The columns are: (1) ID in the catalogue of Luo et al. (20081; (2) Redshift from Luo et al.|(|2010 1; two and three decimal digits 



m 



denote ph otometric and spect roscopic redshift respectively; | source not detected in the BVR band s Cardamone et al. (20101 
or K band |Taylor et al.| ( J2009[ ) and thus the photometric redshift may be uncertain. Rafferty et al. ( 201ip gives a photometric 
redshift of z=2.30 and z=3.02 for the sources CDFS-197 an CDFS-293 respectively; (3) Column density in units 10^^ cm"^ , (4) 
Photon-index; and (5) C-statistic value for 509 degrees of freedom for both F and Nh free; (6) X-ray flux in the 2-10 keV band in 
units of 10~^^ ergcm"^ s~^ , as estimated from the X-ray spectroscopy; (7) X-ray luminosity in the 2-10 keV band (uncorrected 
for X-ray absorption) in units of 10'*'^ergs~^ ; (8) Logarithm of total 6 pan luminosity (star-formation and torus) in units of 
solar luminosity; (9) Fraction of torus contribution relative to total luminosity at 6 ^m, according to SED decomposition; (10) 
Column density in units 10^^ cm~^ for photon index fixed to F = 1.8; (11) C-statistic value for 510 degrees of freedom; (12) 
Photon-index for column density Nh ~ cm~'^ ; (13) C-statistic value for 510 degrees of freedom; (14) Net counts (background 
subtracted) in the 0.5-8 keV band; All errors quoted refer to the 90% confidence level. 



Table 3. Chandra and XMM X-ray spectral fits of sources CDFS-9 and CDFS-398 



model 


mission 


Nh 


F 


EW 


C-stat 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


CDFS-9 


PL 


XMM 


6-4tli 


1 43+0-34 
^^-^■^-0.28 


- 


2892/2497 


PL -1- Line 


XMM 


5-9-2.2 


1 41+0-33 
J^-^^-0.28 


0.29 ±0.21 


2886/2496 


PL 


Chandra -I- XMM 


8.2tli 


1 (34+0.29 
J^-O^-0.29 


- 


3334/3008 


PL + Line 


Chandra + XMM 


7-5t^-j 


1 co+0.20 
i.08_Q 29 


n 10+0.10 
U-l«-o.io 


3316/3007 


CDFS-398 


PL 


XMM 


<0.68 


o.ertr^t 


- 


2947/2499 


PL -f Line 


XMM 


<0.62 


0.68«:f7 


0.71 ±0.49 


2940/2498 


PL 


Chandra -f- XMM 


<0.74 


o.86«:r6 


- 


3405/3008 


PL 4- Line 


Chandra + XMM 


<0.33 


o.rstr^t 


0.60 ±0.13 


3395/3007 


PEX + Line 


Chandra -f XMM 


- 


2.68+«-^ 


n 10+0. 06 
0-18-0.06 


3407/3010 



The columns are: (1) Model; (2) Data used in the fits; (3) Column density in units of lO^'^ cm~^ ; (4) Photon Index; (5) EW 
(rest-fame) of the FeKa line; (6) C-statistic value divided by degrees of freedom; All errors correspond to the 90% confidence 
level. 

Table 4. Low Lx/Lg^,„ and low intrinsic X-ray luminosity sources with flat spectra. 



ID 



f2-l 



-'6 fim. 



(1) (2) (3) (4) (5) 



F 
(6) 



C-stat 
(7) 



Nh 
(8) 



96 


0.310 


0.76 


41.23 


10.07 


0.83+r4? 


159 


0.664 


0.78 


41.81 


10.28 


0.39+^7! 


166 


0.340 


0.54 


41.12 


9.61 


0.33+15-?? 


178 


0.735 


1.22 


41.76 


10.32 


-0-8lt^-^ 


208 


0.738 


0.72 


41.92 


10.55 


0.62+«-^,? 



C-stat 
(9) 



503 


<0.53 


512 


539 


<0.24 


549 


438 


4 4+-1-7 


440 


452 


158l?i 


449 


488 


<0.75 


496 



The columns are: (1) Name in the catalogue of |Luo et al.| ( |20(J8l ); (2) Spectroscopic redshift from |Luo et al.| ( 2010| ); (3) X-ray fiux 
in the 2-10 keV band in units of 10~^^ ergcm" s~ , as estimated from the X-ray spectroscopy; (4) Logarithm of the obscured 
X-ray luminosity in the 2-10 keV band in units of erg s"'^ ; (5) Logarithm of the total 6 fj,m luminosity (star-formation and torus) 
in units of solar luminosity; (6) Photon index F for column density fixed to Nh = 0, as derived from the Chandra spectral 
fits; (7) Corresponding C-statistic value; (8) Column density in units of 10^^^ cm~^ for photon index fixed to F = 1.8; (9) 
Corresponding C-statistic value; All errors refer to the 90% confidence level. 
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Fig. 2. Rest-frame Lx vs. Lg/im luminosity diagram for the unambiguous AGN i.e. those with intrinsic X-ray 2-10 keV 
luminosity Lx > 10"*^ ergs~^ . The X-ray luminosity is uncorrected for absorption while the mid-IR luminosity includes 
both the torus and the star-formation component. The black an d the red circles correspond to the Compton-thick and 



Compton-thin sources in the AGN (Lx > 10*^ ergs ^ ) sample of Brightman & Nandra (2011 ). The shaded area denotes 



the Compton-thic k regime based on the average Lx/LeMm relation (corrected for obscuration) found for local AGN by 
Lutz et al. ( 2004 ) scaled down assuming a 3% fraction of reflected emission from the backside of the obscuring screen 
in the 2-10 keV band. The dispersion in this relation is saO.Tdex for type-2 AGN. The blue lines show the luminosity- 
dependent average relation for Compton-thick AGN based on the COSMOS AGN assuming a 3% (solid-line) and a 1% 
(dashed-line) fraction of reflected emission. Only one Compton-thick so urce (2MASX J15504152) lies above the nominal 
Compton-thick regime as defined on the basis of the Fiore et al. ( 2009 1 average relation assuming a 3% reflection. 



5. Discussion 

5.1. The local sample 

In this work, we use the 60 bona-fide AGN, with luminosi- 
ties L2_iokcV > lO^^ergs"^ from the 12 ^m /i?yl 5* sample. 
X MM-Newton observations of these sources are presented 
in Brightman fc N andra] (|2011j) and [Brightman fc Nandra 
(2011b). 22 of these AGN present low Lx/bg^m ratios. 
In particular, their X-ray luminosity is lower than the 3% 
of the average AGN luminosity-depend ent Lx/Lg^m "" 



lation as derived by Fiore et al. (2009). This is assumed 
to be the fraction of the reflected 2-10 keV emission from 
the backside of the torus, relative to the intrinsic 2-10 kcV 
luminosity. Although this value of reflect ed emission is of - 
ten observed in the local Universe (e.g. Comastri 2004) 



it should only be considered as a rough approximation. 
For example, it is likely that in some cases it could b e 



even smaller (Ueda et al. 
It is noteworthy that the 



2007 



Comastri et al. 2010) 



6 /.iin 



method can retrieve 



the vast majo rity (ten out of eleven) of the Compton-thick 
AGN found by Brightman & Nandra (2011 1. This ascertains 
that the empirical limit adopted above is proven to be efh- 
cient for the selection of Compton-thick sources. The X-ray 
spectroscopy reveals that ten out of the 22 low Lx/Lg^m 
AGN are Compton-thick AG N following the classification of 
Brightman & Nandra (2011 ). Most of the remaining twelve 
sources are heavily obscured having Nh > 10^^ cm~^ , but 
these are not formally Compton-thick, at least according 
to the XMM-Newton spectroscopy. This suggests that the 
low Lx/Lg^m ratio technique presents roughly a 45% suc- 
cess rate in the detection of Compton-thick sources in the 
local Universe. Interestingly, the level of contamination is 
not extremely sensitive on the exact value of the adopted 
Lx/Le/jm upper limit. For example, from Fig. l2l we can 
easily estimate that by lowering the adopted threshold e.g. 
by as much as a factor of three (i.e. adopting a 1% reflec- 
tion fraction), we end up with eleven sources, six of which 
are classified as Compton-thick by Brightman & Nandra 
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Fig. 3. Rest-frame (uncorrected for absorption) Lx vs. Lg^m luminosity diagram. The large filled circles (blue) correspond 
to the bright sources (f2-io > 10^^^ ergcm~^s^^ ), while the small circles (magenta) correspond to the fai nter sources. 
Th e red squares correspond to the two bona-fide Compton-thick AGN from the 3 Ms XMM obs ervations (IC omastri etl 



al. 20111, while the red-star denotes source CDFS-309, prop osed as a Compton -thick AGN by Feruglio et al. (2011 



The crosses refer to the 20 candidate Compton-thick sources of Tozzi et al. (2006) in the 1 Ms CDFS observations. These 
incl ude b oth the reflected as well as the transmission-dominated sources; two sources which are not detected in |Luo e"t| 
al. (2008) and two more sources which are detected in less than four IRAC bands have been excluded. The red triangles 
correspond to the five low-luminosity sources (Lx < lO^^ergs"^ ) with flat spectrum, given in Table pi The solid line 
de notes the Lx/Leum average Compton-thick AGN relation; this has been derived from the average AGN relation 



of |Fiore et al. (|2009|, scaled down to the expected Compton-thick AGN X-ray luminosity, assuming a 3% fraction of 
torus reflected emission relative to the intrinsic 2-10 keV luminosity. The dashed line shows the luminosity-dependent 
Compton-thick average Lx/Lg^,„ relation for an 1% torus reflected emission. 



( 2011 ). The number of Compton-thick sources rises to seven 
taking into account UGC8058 which is a C ompton-thick 



sourc e according to BeppoSAX spectroscopy ( [Braito et al. 
2004 1 as noted above. 



One important parameter which is often ignored is 
the fraction of the star- format ion contribution to the 
6/im emission. In most cases (15/23) the torus component 
is the dominant contributor to the 6 /im luminosity. In the 
remaining cases the torus contribution to the 6 /xm emission 
is small i.e. <30% (see Table IT]). In the same table, we 
give the equivalent-width (EW) of the PAH (Polycyclic 
Aromatic Hydro carbon) features at 6.2/im as reported in 



Wu et al. ( |2009[ ). A high EW (usually above 0.3 ^m ) is 
considered as an indication of a strong star-forming com- 
ponent. We see that sources that have a small torus con- 
tribution, as derived from the SED fit, generally display 
high EW. The only marginal case is Mrk273 which dis- 



plays no torus in its SED while the EW of the 6.2^m PAH 
feature is ~ 0.2 ^m . For the sources that display a dom- 
inant star-forming contribution, one should be cautious in 
using the Lx/Lg/^m ratio as a Compton-thick diagnostic, 
because the above ratio represents only a lower-limit to the 
true value. In principle, in these cases one could use instead 
the torus 6/im luminosity. Nevertheless, the degeneracies on 
the SED decomposition could play a crucial role, that is, 
in some cases the combination of different tori with star- 
forming models yield equally good fits although the relative 
torus contribution changes. Such degeneracies will be signif- 
icantly overcome with the use of Herschel data which will be 
able to provide tight constraints on the star-forming contri- 
bution. When we reject the sources with low torus contribu- 
tion, <30%, we are left with 14 low-Lx/Lg^m sources (see 
Table 5). Out of these, six are Compton-thick according 
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to the XMM-Newton spectroscopy (NGC1068, NGC1320, 
NGC4968, NGC6552, NGC7479, NGC7674). 



5.2. CDFS 

In most cases (seven out of nine) the torus component is the 
dominant contributor (over 80%) to the 6/Ltm luminosity. 
In the case of CDFS-382, the SED decomposition shows 
that the torus contribution is negligible and therefore the 
Lx/Lepm classification becomes problematic. Yet another 
source (CDFS-407) presents a low (30%) torus contribution 
to the 6/Ltm emission. However, even taking into account the 
corrected 6/xm luminosity which comes from the torus, we 
find that this source would be marginally classified as a low 
Lx/Le/im ratio source. 

In conclusion, in the CDFS, there are eight low 
Lx/Lgpm AGN among the 283 luminous AGN (L2_iokcV > 
lO^'^ergs^i ), after exclusion of the CDFS-382 which has 
zero torus contribution. At face value, i.e. assuming that 
all sources are Compton-thick, this would correspond to a 
Compton-thick fraction of 3%. In agreement with the re- 
sults in the local sample, not all the low Lx/Lg^m AGN 
appear to be associated with Compton-thick sources. On 
the basis of the flat spectra (indicative of reflection domi- 
nated spectra), as well as the presence of strong Fe Ka hnes, 
we estimate that at least two sources are Compton-thick 
(CDFS-309 and CDFS-398). One of these (CDFS-309 at a 
redshift of zs:i2. 6) has been already rep orted as a Compton- 
thick source by Feruglio et al. (2011) while the other one 
(CDFS-398 at a redshift of z=1.222yTs reported here for the 
first time. Another two (CDFS-95, CDFS-197) are heavily 
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Fig. 4. The XMM-Newton MOS X-ray spectrum of CDFS- 
398, together with the best-fit power-law model. The bin- 
ning is such that there are about 15 net counts per MOSl 
or M0S2 bin. The source counts amount to 30% of the total 
(source-l-background) counts. 



Table 5. Numbers of low Lx/Le/^m AGN (intrinsic Lx > 



10"*^ erg s ^ ) in the various samples, assuming the Flore et 



ergs 



al. (2009) relation for a 3% reflection efficiency. 



all 



Total 
CT non-CT 



all 



Torus>30% 
CT non-CT 



Local 
CDFS 



22 
9 



10 

4 



12 

5 



14 

7(8)t 



8 
3(4) 



^ Source CDFS-407 has a low (30%) torus contribution in 
the 6 fj,m flux, but it would still be considered low Lx/Lg^m 



taking into account this contribution. 



obscured (Nh ^ 10 cm~ ) and thus consistent with being 
Compton-thick. For these sources there are only photomet- 
ric redshifts available and thus the column densities remain 
somewhat uncertain. 

The fraction of Compton-thick AGN mentioned above 
(between two and four out of 283 sources) should be 
considered only as a lower limit. This is because there 
could be many more Compton-thick AGN at lower lu- 
minosities. There are 85 additional candidates with low 
Lx/Le/iin luminosity ratio which have an intrinsic X- 

ray luminosity Lx < 10'*^ergs~^ in the 2-10 keV band. _ ^ 

Many of these could be asso ci ated with n o rmal galax- Geor gakakis & Akylas ( |2007p . Recently, Comastri et al 
ies' " ''' ' ~ 



redshift of z = 1.536 and z — 3.700 respectively. These 
source s have been reported as Co mpton -thick by [Norman 



et al .l C2002! ), |Tozzi et al.| (|2006D , and | Georgantopoulos 



ie:£i 



[20031 [2007 
as[ |2006[ ), as 



Georgakakis et al 
Georgantopoulos fc Georgakal 
luminosity AGN with no obscuration 
Georgakakis et al. ( 2010|) find that many low -luminosity 
AGN in the sample oT 'I'erashima et al. ( 2002 ) present low 



Tzanavaris. 
as well 
For 



as low- 
example. 



X-ray to mid-IR luminosity ratios. Nevertheless, there are 
five sources among them which show evidence for a flat 
spectrum (see Table |4]). In principle these could be associ- 
ated with heavily obscured nuclei. Unfortunately, as they 
have faint fluxes, it is difficult to disentangle whether the 
hard spectra are caused by a moderate column density, or 
a genuinely flat spectrum, which could be the trademark 
of a reflection dominated Compton-thick AGN. There is no 
evidence for the presence of an Fe Ka line in these spectra. 

5.3. Comparison with previous results in ttie CDFS 

Interestingly, there are two bona-fide Compton-thick 
sources which do not present low Lx/Lg^m ratios. These 
are the sources CDFS- 176 and CDFS-265 at a spectroscopic 



( |2011| ) have confirmed the presence of Compton-thick nu- 
clei on the basis of both fiat spectra and high-EW Fe Ka 
lines. The most likely explanation for a high X-ray to 
6 /im luminosity ratio is the large intrinsic dispersion of this 
relation. This can be clearly seen in Flg.[T] I t appe ars that 
the Compton-thick AGN in Comastri et al. (2011) have a 
relatively low QpLm luminosity compared to sources such 
as CDFS-309. Hence, only the last source lies below the 
Compton-thick line of Fig. 3. In any case, the existence of 
Compton-thick AGN which have high Lx/Lg^m ratios cer- 
tainly poses problems for the completeness of the Lx/Lg^,n 
method in identifying Compton-thick AGN. 



Additionally, Tozzl et al. ( 2006 ) have proposed a num- 
ber of Compton-thick candidates on the basis of fiat 
spectra in the 1 Ms observat ions of the CDFS (see also 



Georgantopoulos et al. 
the exception of CDFS 



2007|). All these candidates, with 

lumi- 



78, present high Lx/Lg^m 
nosity ratios (see Fig. p). This source, at a spectroscopic 
redshift of z = 0.735, is among our low X-ray luminosity 
sources which present a fiat X-ray spectrum. 
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6. Summary and conclusions 

In this paper, we are assessing the efficiency of the 
low Lx/Lg^^m ratio technique for discovering Conipton- 
thick AGN. The principle behind this method is that in 
Compton-thick sources, the X-ray rest-frame luminosity, is 
diminished by almost two orders of magnitude while the 
6 jjLm luminosity is left unattenuated. 

The advantages of the present work in comparison with 
previou applications of the Lx/Lg^im method are the fol- 
lowing: 

— We use a 'calibration' sample in the local Universe. This 
consists of a sample with high-quality XMM-Newto n ob- 
servations available (Brightman & Nandra 2011b) and 
thus with a priori knowledge of the fraction of Compton- 
thick sources. 

— At higher redshift, we employ the most sensitive X- 
ray observations so far available, namely the 4 Ms 
Chandra observations, combined with the 3 Ms XMM - 
Newton observations in the CDFS (Comastri et al. 



201 ID . 

We derive the X-ray luminosities using proper X-ray 
spectral fits instead of the usually employed X-ray fluxes 
in combination with an average X-ray spectral index. 
We use SED decomposition to ascertain that the nuclear 
contribution is not contaminated by significant amounts 
of star-forming emission. 

Our conclusions can be summarised as follows: 

In the local sample the vast majority (ten out of 
eleven) of the Compton-thick AGN appear to have low 
Lx/LeAtm ratios. However, the opposite is not true, 
i.e. there is a large number of low Lx/Le^m sources 
which are probably not Compton-thick. This would 
make the efficiency of the Lx/Le/jm method for se- 
lecting Compton-thick sources 50%. 
In the CDFS we select eight low Lx/Lg^im AGN with 
intrinsic luminosities Lx > 10'*^ergs~^ (after exclusion 
of one source where the 6^m emission comes from star- 
formation). One of these (CDFS-309 at a redshift of z « 
2.6) is already shown to host a Compton-thick nucleus, 
while for another one (CDFS-398 at z=1.222) we argue 
here for the first time that it is Compton-thick. 
A large fraction of the low Lx/Lg ^m CDFS sources can- 
not be confirmed as Compton-thick on the basis of the 
X-ray spectroscopy, but they are nevertheless highly ob- 
scured, having column densities above 10^^ cm~^ . This 
suggests that the Lx/Lg^m ratio cannot be used on its 
own to reliably classify sources as Compton-thick. 
Finally, ther e at least two bona-fidc Compton-thick 
sources from Comastri et al. (2011 1 which do not appear 
to present low Lx/Lg^m ratios, casting further doubt 
on the validity of this method for selecting Compton- 
thick sources. 
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